INTRODUCTION
This paper shows how a customer who has locally installed electricity production units could increase the daily profit of local electricity production by using a smart interface unit.
The opening up of electricity markets has led to reduced investments in large energy generating units thereby resulting in net importation of electricity in some areas [1] . Because the prices are sensitive to the demand for electricity, the result has been very high prices during the peak periods of peak seasons to the extent that some private companies are affected negatively in their business operations. This instability of the electricity prices, coupled with the world drive to conserve the environment has resulted in increased interests in private ownership of distributed energy technologies. The shortage in electricity supply is also leading to the opening up of the markets at retail level to allow small scale producers to enter the market and sell electricity to the network.
Some of the distributed energy technologies are still in infancy. However, public support for research has led to significant progress over the last few years. Wind energy is now widely recognised as a viable option. Solar photovoltaic energy is quite promising and is slowly becoming economically competitive. Household waste is constantly growing and provides a significant energy opportunity as well as by products from timber and agri-foods industries. Hydrogen is a very promising energy carrier for the future. Fuel cells can go some way, to meet electricity needs, thermal needs and transport needs of local communities. Many countries are actively pursuing some form of small or micro hydropower development.
Implementation of distributed energy technologies on farms and rural areas will help these communities to become less dependent on energy imports yielding commercial returns in terms of growth of small and medium scale enterprises. Jobs will be created and people can be retained as the new businesses generate more income for these communities.
The viability of selling possibilities can be an important encouraging factor for many people who would like to invest in local generation. Factors to consider include connection fees, fuel prices, market prices, availability of connection and control technologies.
There are many technical and commercial issues that need to be addressed in order to connect small to medium scale energy producers to the distribution network as highlighted by [2] . In this paper we present a possible solution to the problem of profitability of small scale production units. Customers are likely to invest in technologies that will bring benefit to themselves or to their communities.
Farm Scenario
We envision a farmer who has installed a combined heat and power (CHP) unit, some solar cells and a fuel cell. This farmer has a possibility to generate electricity and meet the farm's energy needs from renewable energy resources like animal waste, biomass and sunshine. The use of a combustion unit which produces and utilizes both heat and power results in a higher efficiency. An example of the potential that a farming project can have in generating electricity is given in [3] . Figure 1 shows the scenario on the farm with respect to local electricity generation, utilization and energy transfer.
Response to Prices
The scenario presented in this paper covers a customer who sometimes buys from the network and at other times sells to the network. When the load is less than the local generation then there is excess electricity to sell to the market. If the market prices are attractive, it may be economical to generate more electricity locally and sell to the market. At other times for example when it is peak period at the customer premises and the customer needs to use a lot of electricity, then the customer has to buy from the network in order to satisfy the local load requirements. When the selling prices on the market are not so attractive and the network is offering very low electricity prices then it is better to buy more power from the network to cover most of the local load requirements than to generate at a higher cost.
The running costs of each of the generation units are different. The cost of fuel, which sometimes varies throughout the year, can be a major part of the operational costs of the fuel cell or the CHP unit. By using an interface unit with switching capability one can automatically control the generation of electricity of the production units and significant savings for the customer could be realized. This interface unit can easily access pricing information from the local electricity supply company on a regular basis. Based on load conditions, cost of own production and market prices an optimization for best profit could be done. 
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General Optimisation Theory
The general form of a constrained optimization problem may be expressed in mathematical terms as 
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The constraints can either be equality or inequality constraints. [4] 
Minimisation Problem
In this problem, the general function for the electricity costs is written as The function is optimized subject to the constraints of maximum and minimum (kW) output values of the generators and the power balance in the system.
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where is the power output from generator i. When the system is in the import mode, then will be equal to zero. The connection at the customer premises is such that power flows either from the distribution network to the customer or vice-versa. When the customer is selling to the network then P gi P e P i will be zero because there will be no imports. When the export revenue is much larger than the self generation expenses, the customer will be making a profit. 
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Implementation
The graphical programming environment of LabView was chosen as the implementation tool for the interface unit which we chose to call a gateway. The communication capabilities of this programming environment were useful in implementing the experimental set-up.
Internet technology was chosen for communication between the electricity distribution company's web server (Personal computer A) and the gateway (Personal computer B) as shown in Figure 2 . The webpage was read using the HTML VIs in the Internet toolkit in LabView, whilst data socket was used for communicating with the plant which was simulated on Personal computer C. Readings from the loads and generators as well as price information were displayed on the front-panel of the simulated gateway. The output of the Fuel cell and CHP unit could be switched on and off in an optimal way using the algorithm developed. The output from the locally installed generators was monitored and readings were taken and sent to the algorithm. Steady state conditions were a necessity for the smooth running of the controller.
Communication
It is desirable to provide customers with necessary pricing information from the utility in good time. Such pricing information from the utility can be used to control the loads at the customer premises. The display of prices and time to tariff e.g. market prices or day and night rates or seasonal rates or any other accumulated tariff information is of great interest to customers who participate in electricity markets.
The customers also need to submit their meter readings regularly. Two way communications between the customers and the utility is necessary and could lead to reduction in overall electricity costs in the long run. In addition remote meter reading and quick detection of electricity failure also becomes possible.
It is envisioned that the utility posts the buying prices and selling prices for the next twenty-four hours of the following day, onto a web page. These prices are also very variable depending on the seasons of the year and they depend also on the availability of generation units which participate on the spot market. Using Internet technology the dairy farmer can readily access this data and manage the local generators automatically. Measurement data can also be sent periodically from the farm to the utility.
Experimental data
Different data sets were considered in analysing the functionality of the gateway. The maximum power ratings of the loads and generation units that were used in the simulation are given in Table 1 . Variable price profiles were used to test the gateway and assess the profitability. Half hourly periods were used during the optimization and the profiles used resembled a pattern that could be found on a spot market. Output from the solar panels was not controlled by this algorithm because the operational costs of solar panels are low and once a customer installs solar cells, it is logical to just utilize all or store the generated energy in batteries. Figure 3 illustrates how the generators respond to price and load variations. For example, when the load, Pcl, starts increasing in time step 7, the algorithm detects that it is becoming too expensive to continue importing from the network in order to meet the increasing load demand. It
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18 th International Conference on Electricity Distribution Turin, 6-9 June 2005 then automatically switches on generator 2, Pg2. As the load continues to increase generator 3 Pg3,also comes on. Later on, the load starts decreasing and, generator 3, is decreased first until it switches off. Generator 2 remains on because its set averaged costs of 65 øre/kWh are lower than the buying price on the market. In this case we assume that the utility will allow the customer to sell power at a price that is at least 80% of the buying price. Figure 4 Observations on the cost function minimization
The minimum of the cost function could be observed on the front panel. Data was captured for analysis whilst the experiments were running. Figure 4 was a snapshot of an instance when the customer was generating at least 60 kW and selling some of its power to the network. The cost function shows that the cost to the customer at this moment is below zero. When the cost function is negative, it means that the market price is good for selling the locally generated electricity. The customer will earn an income from the local sales such that the generation expenses become much less that the revenue earned. This is a desirable situation for the customer because returns on investment start coming in.
The results obtained from sensitivity analysis on different data sets showed that significant revenue can be generated when the fuel cell (Pg2) and the CHP unit (Pg3) are switched on and off in an optimal way. Figure 5 is an example of the cumulative revenue that can be collected on a day in winter when the prices are very high. 
Conclusion
From the data sets that were used in this example, we see that the use of a gateway could lead to a significant economic benefit. Farmers could improve their income by selling electricity to the local utility in an optimal way using an interface unit with communication and automatic switching capability.
